a-Endosulfan and P-endosulfan are isomers of endosulfin, a pestiide used worldwide. In this study, we examined the genotoxicity of a-and P-endosulfan in vitro with a HepG2 cell line. We used sister chromatid exch s (SCE), micronuclei (MN), and DNA strand breaks as detected by single-cell gel electrophoresis (SCG) assays as biomarkers to judge the genotoxicity of a-and P-endosulfan at concentrations from 1 x 10-12 M to 1 x 10-3 M. After treating HepG2 cdls for 48 hr with P-endosulfn, SCE showed a significant increase at concentrations from 1 X 10-7 M to 1 x 10-5 M, and MN showed a significant increase at concentrations from 5 x 10-5 M to 1 x 10-3 M. a-Endosulfan failed to show significant effect in both the SCE and MN assays. After treating HepG2 cells with a-or 13-endosulfan for l hr, DNA strand breaks were significantly induced by a-endosulfan at concentrations fom 2 X 0o4 M to 1 x 10-3 M, and by ,-endosulfn at 1 x 10-3 M. The results of this study suggest that both a-and P-endosulfan are genotoxic to HepG2 cells and that the genotoxicity of P-endosulfan seems stronger than that of a-endosulfan.
bttp:I/ekpnetl.niehs.nib.gov/ldocs2000/108p559-561la/bstraehtml Endosulfan is a synthetic chlorinated cyclodiene that is an environmental endocrine disruptor (1) . It was introduced into the earth's environment in 1956 as a general use insecticide, and it was primarily used to protect food crops such as tea, fruits, vegetables, and grains as well as wood from a wide variety of insects and mites through contact poison. Commercially used endosulfan is generally composed of its two isomers-ca-endosulfan and f3-endosulfan.
Endosulfan is toxic not only to insects, but also to fish, animals, and humans (2, 3) . Autopsy examinations have revealed its damage to liver, lung, and brain (3) . However, the data regarding its genotoxicity (4) , especially that of its two isomers, are limited. Perhaps because its carcinogenicity and genotoxicity have not been confirmed, endosulfan is still widely used and continues to pollute the human environment not only in developing countries but in developed countries as well (5) .
In this study, we observed the influence of a-and ,B-endosulfan on the frequency of sister chromatid exhanges (SCE), micronudei (MN), and the DNA damage assessed by single-cell gel electrophoresis (SCG) in HepG2, a target cell line that expresses estrogen receptors (6) and is able to metabolize xenobiotics like S9 in vitro or in vivo (7 We judged the MN according to the following criteria: size (diameter one-tenth to one-half of the main nucleus size), number (< 3 MN/cell), number of nuclei (only one main nucleus in the cells counted), attributes (the micronudei must be round and have a dear boundary), color (the micronudei must have the same color and staining degree as the main nucleus), separation (the micronuclei must be dearly separated from the main nucleus), and location (the micronudei must be in the same cell plasma with the main nucleus).
To assess the effects of a-and ,-endosulfan on the cell-cycle kinetics of the cells, we scored the proliferation index (PI) on the same slides used for counting SCE. We evaluated cell-cycle kinetics by the proportion of the first (X1), second (X2), and third (X3) division cells in 100 consecutive metaphases for each independent experiment. We calculated the PI according to the following formula: In these experiments, the addition of aand f-endosulfan did not cause any significant change in the proliferation index as compared to the cultures with the 0.2% DMSO controls.
Influence ofa-and f3-endosulfan on the frequency ofMN in HepG2 cells. We used the frequency of micronucleated HepG2 cells to represent the effects of a-and ,B-endosulfan on MN induction in the HepG2 cells. As shown in Table 2 Influence of a-and 3-endosulfan on induction ofDNA strand breaks as evaluated by SCG assay in HepG2 cells. We measured the tail length of HepG2 cells treated with different concentrations of a-and P-endosulfan. As shown in Table 3 , after 1 hr treatment, a-endosulfan induced significant increases in DNA strand breaks at concentrations from 2 x 10-4 M to 1 x 10-3 M, as did ,-endosulfan at 1 x 10-3 M.
Discussion
Endosulfan is an insecticide with estrogenic activity that is toxic to many fish and mammals. Some reports suggested that it could accumulate in aquatic animals (S!) and cause human fatalities (3). The genotoxicity of its two isomers, however, has not been confirmed.
To study the genotoxicity of endosulfan, we used HepG2 cells a) because endosulfan is hepatoxic (3) and b) because the metabolic property of human HepG2 cells will offer a chance to examine the effects of its metabolites on those cells. The result will thus be more comparable to findings in an in vivo study. Finally, because the HepG2 cell line is well reported in the genotoxic studies using SCE, MN, and SCG assays (10,11), we believe it is reasonable to use such cells to examine the genotoxicity of endosulfan.
Our repeated in vitro experiments showed that both a-and P-endosulfan induced DNA strand breaks as detected by SCG assay. Nevertheless, HepG2 cells seem more sensitive to a-than to [I-endosulfan, as shown by the cell tail length. Because we used a drylayer gel technique on the slides, the three layers of gel were easily prepared. Using trypsin-EDTA to collect the HepG2 cells kept the individual cells well separated and evenly distributed in the second layer ofgel.
For the SCE and MN assays, only Pendosulfan showed significant effects on the cell line, and our present results correspond to the increased frequency of SCE in blood lymphocytes from workers using pesticides including endosulfan (12) and to the increased SCE induced by endosulfan (1 x 10-6 M, mixture of a-endosulfan and ,Bendosulfan) in human lymphoid cells (13) .
The result of MN induced by P-endosulfan Articles * Genotoxic effects of a-and P-endosulfan is also in agreement with an in vivo study of endosulfan (14) .
In our present study, all three end points were from two independent experiments, and the results were sufficiently repeated. Although both a-and I-endosulfan showed genotoxicity to HepG2 cells at different concentrations by different end points, neither of them showed any apparent effects on cell cycle kinetics in the cell line.
Of the three biomarkers used in this study, SCE In conclusion, the present study has shown for the first time that both a-and fendosulfan are genotoxic to HepG2 cells and that the genotoxicity of ,B-endosulfan is more potent than that of a-endosulfan. Although the underlying mechanism is still beyond our knowledge, the clastogenicity and estrogenicity of the two isomers suggest the need for further studies.
